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Objectives. The authors sought to determine the effects of cold-weather periods on
budgets and nutritional outcomes among poor American families.

Methods. The Consumer Expenditure Survey was used to track expenditures on food
and home fuels, and the Third National Health and Nutrition Examination Survey was
used to track calorie consumption, dietary quality, vitamin deficiencies, and anemia.

Results. Both poor and richer families increased fuel expenditures in response to un-
usually cold weather. Poor families reduced food expenditures by roughly the same
amount as their increase in fuel expenditures, whereas richer families increased food
expenditures.

Conclusions. Poor parents and their children spend less on and eat less food during
cold-weather budgetary shocks. Existing social programs fail to buffer against these
shocks. (Am J Public Health. 2003;93:1149–1154)

Heat or Eat? Cold-Weather Shocks and Nutrition 
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| Jayanta Bhattacharya, MD, PhD, Thomas DeLeire, PhD, Steven Haider, PhD, and Janet Currie, PhD

high blood cholesterol and some evidence of
serum vitamin deficiencies among American
adolescents.

Whereas low serum vitamin levels are clin-
ically difficult to evaluate in the context of a
single patient, they are good measures of di-
etary inadequacy in broad populations. The
relationship between micronutrient intake
and blood levels of these nutrients is compli-
cated. Because the body can store certain vi-
tamins and minerals for long periods, it is not
anomalous to find an individual who has not
recently consumed the recommended amount
of a particular vitamin and yet does not have
a deficiency in that vitamin according to
blood tests. For example, it can take between
3 and 6 years for a deficiency in vitamin B12

to become clinically evident.4 Nevertheless,
blood tests, when properly interpreted, can
provide objective evidence of micronutrient
malnutrition.

Although poor diets seldom result in classic
vitamin deficiencies related to diseases such
as scurvy or pellagra, low vitamin and min-
eral levels could have long-term health conse-
quences. For example, even mild iron defi-
ciency is associated with fatigue, shortened
attention span, decreased work capacity, re-
duced resistance to infection, and impaired
intellectual performance.5

Several recent studies have examined
whether poor children consume inadequate

In many parts of the United States, winters
can impose a financial burden. Newspaper re-
ports suggest that poor families are hardest
hit. Such families face difficult decisions about
where to place their resources, being forced
to choose among heating their homes, feeding
themselves, and feeding their children. For
example, a 2001 article published in the New
York Times1 reported that parents reduce ex-
penditures on utilities to pay for food. One
family reported that “we owe $800 on the
water bill and $500 for heat.” These tough
choices may have a large effect on the nutri-
tional well-being of children. Some of the
harm will be tempered if parents can shield
their children from nutritional deprivation.
The same newspaper article also reported
that some poor parents “routinely go without
dinner to make sure their . . . children have
enough to eat.”

The purpose of this study was to investi-
gate whether poor American families have
lower food expenditures and worse nutri-
tional outcomes than richer families during
cold-weather periods and to determine the
extent to which parents are able to protect
their children from these shocks. We used 2
large and nationally representative data sets.
The Consumer Expenditure Survey (CEX),
administered by the US Bureau of Labor
Statistics, includes extensive information re-
garding household expenditures on food and
other items over a long time period. The
third National Health and Nutrition Exami-
nation Survey (NHANES III) is the gold
standard for nationally representative nutri-
tional data.

Actual starvation is rare in the United
States, but poor nutritional choices are ram-
pant. American children consume diets that
are high in fat, high in sweets, and low in fruit
and vegetables.2 Few studies have revealed
vitamin intake deficiencies in American chil-
dren3,4; however, Bhattacharya and Currie2

found high prevalence rates of anemia and of

diets during the winter. Frank et al.6 reported
increases in the percentage of emergency
room visits among small-for-age children dur-
ing winter in a Boston hospital. However, rely-
ing on British data, Lawlor et al.7 and Shah
and Peacock8 did not find any relation be-
tween excess winter mortality and deprivation.

Economists have examined nutritional re-
source sharing in poor families. Wilde9 and
Wilde and Ranney10 examined whether poor
families receiving Food Stamp benefits eat
less toward the end of a benefit month. They
found that adults frequently eat less during
the fourth week of a month, whereas children
exhibit smooth food consumption patterns
throughout the month. These results suggest
that the food consumption of poor families is
potentially vulnerable to financial strains but
that parents in poor families can, to some ex-
tent, protect their children from the adverse
effects of these strains.

METHODS

Sample and Procedures
To measure patterns of expenditures on

food and home fuel, we used data from the
1980 though 1998 versions of the CEX. In
this survey, each household reports up to 12
months of expenditure data as well as demo-
graphic, geographic, and income information.
The CEX collects information from roughly
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5000 households each month; our final sam-
ple comprised 104747 households. Survey
weights are provided so that the CEX sample
is nationally representative within any given
month.

We obtained data from the National
Oceanic and Atmospheric Administration on
mean ground temperatures for each state and
each month between 1980 and 1998. We
merged these data with the CEX data, using
information on each family’s state of resi-
dence. With our large sample, we were able
to examine differential changes in spending
patterns at the household level. However, we
were not able to use the CEX to infer con-
sumption patterns of individual household
members.

NHANES III, administered by the Centers
for Disease Control and Prevention between
1988 and 1994, provides information on nu-
tritional well-being at the individual level.
This survey collected data from 33994 peo-
ple over 89 locations, using a roving, mobile
examination center. NHANES III combines
demographic information, data from a stan-
dard clinical examination conducted by doc-
tors (including blood tests), and questions
about dietary intakes.

Measures
We derived from the CEX data monthly

expenditure measures in 4 different cate-
gories: food consumed in the home, food con-
sumed outside of the home, clothing, and
home fuel. The food consumed in the home
measure included expenditures on all meals
prepared at home, including picnics. Food
consumed outside of the home included ex-
penditures at restaurants, cafes, fast food es-
tablishments, and catered affairs; school and
boarding house meals; and meals received as
pay. Subsidized meals (such as free school
breakfasts) are not captured in the CEX mea-
sure of food expenditure; we excluded expen-
ditures on alcoholic beverages or tobacco
from both measures of food.

The home fuel measure included expendi-
tures on 6 fuels (heating oil, electricity, natu-
ral gas, coal, kerosene, and firewood) at pri-
mary residences. To account for inflation, we
applied the Consumer Price Index deflator so
that all expenditures would be measured in
constant 1982 to 1984 dollars.

We used 3 conceptually different measures
of nutrition on the basis of the NHANES III
data: calorie intake, dietary quality, and
serum assessments of vitamin and mineral de-
ficiencies. The first 2 measures were based on
24-hour dietary recall information included
in NHANES III. In the case of most children
younger than 12 years and all children youn-
ger than 6 years, parents or guardians sup-
plied dietary information.

On the basis of these responses, NHANES
III provides an estimate of total daily calorie
intake and a dietary quality measure: the
Health Eating Index. The Health Eating
Index, which was developed by the US De-
partment of Agriculture, summarizes how
closely a diet meets the department’s recom-
mendations.11 Diets that feature fruits, vegeta-
bles, meat, and dairy products in the appro-
priate proportions receive higher Health
Eating Index scores, whereas diets that fea-
ture high levels of saturated and total fat and
cholesterol receive lower scores. Intakes in 10
different categories are measured on a scale
of 0 to 10 (with 10 representing a good score)
and summed into a total score ranging from 0
to 100. A 2-point score change can reflect,
for example, an extra daily serving of vegeta-
bles or a 3-percentage-point decrease in the
proportion of calories derived from fat.

We used age-specific normal values from
standard pediatric and internal medicine
textbooks to define inadequate serum levels
of vitamins and minerals.12,13 We considered
serum levels of vitamins A, C, and E. Be-
cause serum iron correlates poorly with in-
adequate body stores of iron, we used he-
matocrit and hemoglobin levels to diagnose
anemia.

Data Analysis
Because the 2 data sets we examined are

structured differently, they required distinct
but closely related analyses. In the CEX the
unit of observation is the family, whereas in
NHANES III the unit of observation is the in-
dividual, although family relations are re-
ported. For the CEX, we directly ascertained
state of residence; thus, matching temperature
data were available for each family during
each month of observation. For NHANES III,
the only publicly available geographic data
were the census region of the respondent

(South, West, Midwest, or Northeast) and
whether the respondent resided in a large
city; thus, we were unable to link temperature
information. However, we had data on the
month in which the interview was conducted
and could infer the season during which the
respondent was surveyed.

In the CEX analysis, our strategy was to ex-
amine the ways in which expenditures on
food, clothing, and home fuel changed in un-
seasonably cold or warm months. Because
changes in expenditures over the course of a
year on the part of richer families are pre-
sumably not due to resource constraints, we
used these families as a comparison group for
the poor families.

We constructed a separate multivariate
model of log expenditures for each of the 4
expenditure categories. Explanatory variables
in these models included temperature, 3 in-
come categories (high-income quartile, middle
2 quartiles, and low-income quartile), and the
interaction of temperature with income.

We included dummy variables for each
year and each state, effectively “de-trending”
expenditures separately for each state. We
also included dummy variables for each
month to allow for seasonal expenditure pat-
terns. After inclusion of all of these dummy
variables, we were left with variations in ex-
penditures due to unseasonably cold and
warm months. We emphasize that by includ-
ing these dummy variables, we were no
longer simply comparing outcomes occurring
in warm months with those occurring in cold
months. Instead, we were comparing specific
months—for instance, unusually cold Januarys
with average Januarys.

As a sensitivity check, we also estimated
similar models (not presented here) with no
dummy variables for state, month, or year,
and we found similar results. Throughout, we
used sample weights in model estimations.
Using the estimates from the multivariate
models, we predicted expenditure changes re-
sulting from an unseasonable 10°F (5.6°C)
drop in temperature for poor and richer fami-
lies separately. These predictions were non-
parametric retransformations of the regres-
sion estimates arrived at through use of the
Duan smearing technique.14

In our NHANES III analysis, we used a
similar strategy, but instead of relying on out-
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FIGURE 1—Changes in expenditures by category and by income in response to an
unseasonable 10°F drop in temperature.

come changes related to temperature
changes, we relied on outcome changes
across summer and winter. To make these nu-
tritional comparisons, we constructed linear
multivariate models for each nutritional out-
come, estimating separate models for children
and adults. We used the same set of explana-
tory variables in each model. In addition to
the key independent variables (whether a
family was poor, whether the interview took
place during the winter, and the interaction of
these 2 variables), these explanatory variables
included age, age squared, and dummy vari-
ables indicating the respondent’s region of
residence (South, West, Midwest, or North-
east) and whether the respondent lived in an
urban area (a census-defined standard metro-
politan statistical area), and interactions be-
tween these sets of dummy variables.

Using the estimated coefficients derived
from the multivariate models, we predicted
changes in nutritional outcomes between
summer and winter for a reference richer
person and a reference poor person. We re-
lied on the multivariate model to assess statis-
tical significance. Again, we used sample
weights in all model estimations.

RESULTS

Figure 1 reports changes in expenditures
resulting from a 10°F drop in temperature for
the 4 expenditure categories separately for
richer and poor families. These predictions
were based on the multivariate analysis of the
CEX data. In this figure, increases in expendi-
tures during periods of colder temperature
are represented with positive bars, whereas
decreases are represented with negative bars.
All differences between expenditures made
by poor and richer families within categories
were statistically significant at the .01 α level.
As one might expect, expenditures on home
fuel increased for both poor and richer fami-
lies in unusually cold months. Richer families
increased their home fuel expenditures more
than did poor families ($53 vs $37 per
month in 1982–1984 dollars).

Expenditures on food in the home de-
creased during cold months among poor fam-
ilies but not among richer families. A 10°F
drop in temperature was associated with a $9
per month decrease in such expenditures
among poor families, versus an $11 per
month increase among richer families. This

decrease in food expenditures on the part of
poor families was not offset by increased ex-
penditures on food outside the home or on
clothing. On the contrary, cold-weather
shocks were associated with only small
changes in expenditures on clothing and food
away from home in both types of families.
The difference between richer and poor fami-
lies in these categories, although statistically
significant, was also small.

Poor families spent a larger portion of their
income on food than did richer families. Poor
families spent 29.5% of their budget on food
in the home, as compared to 22.5% among
richer families. Expenditures on food outside
of the home constituted a much smaller por-
tion of budgets among both poor and richer
families (5.3% vs 7.1%). Hence, the net effect
of cold-weather months on food expenditures,
both in and out of the home, was greatest
among the poor.

Home fuel expenditures represented
12.3% of budgets among poor families and
9.7% of budgets among richer families. In ef-
fect, the $37 increase in home fuel expendi-
tures observed among poor families during
unusually cold months had a greater potential
impact on the family budget than did the $53
increase among richer families, because the
$37 increase represented a larger share of
poor families’ total budgets.

Because the South is typically warmer in
the winter than other parts of the country, a
winter temperature drop there can have dif-
ferent effects on family budgets than in other
parts of the country. Consequently, we also
analyzed southern households separately
from other households. Southern households
did not increase their fuel expenditures in
colder months as much as nonsouthern
households did (in models with noninteract-
ing region, month, and year dummies), per-
haps because winter temperatures are higher
in the South.

On the other hand, we found larger in-
creases in fuel expenditures in the South
when we focused on unusual changes in tem-
perature (in models with interacting region
and month dummies and year dummies), al-
though there were no changes in food expen-
ditures among poor families. That unusual
temperature drops can have larger effects on
fuel expenditures in the South is not surpris-
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TABLE 1—Estimates of Differences in Winter and Summer Nutritional Outcomes

Group and Poor Familiesa Richer Familiesb

Nutritional Outcome Summer Winter Difference Summer Winter Difference

All adults (n =4808)

Dietary qualityc 59.8 60.1 0.3 64.3 64.9 0.6

Serum measures

Anemia 0.081 0.097 0.016 0.076 0.091 0.015

Low A, C, or E 0.242 0.268 0.026 0.087 0.130 0.043*

Calories 1858 1711 –147* 1847 1841 –6

Adults with children (n = 1994)

Dietary qualityc 55.3 55.4 0.1 59.9 60.8 0.9

Serum measures

Anemia 0.072 0.085 0.013 0.056 0.077 0.021

Low A, C, or E 0.191 0.251 0.061 0.027 0.093 0.067

Calories 2072 1831 –241* 1998 1973 –26

Children (n = 3779)

Dietary qualityc 64.2 63.3 –1.0 67.2 64.9 –2.3*

Serum measures

Anemia 0.000 0.021 0.021 0.001 0.025 0.024

Low A, C, or E 0.097 0.133 0.037 0.051 0.058 0.007

Calories 1807 1611 –197** 1719 1713 –7

Note. These outcomes are based on a regression analysis of third National Health and Nutrition Examination Survey (NHANES
III) data in which we estimated separate models for each outcome and age (children and adults). In addition to the key
independent variables of income levels and season of interview, the regressions included race/ethnicity dummies, age, age
squared, eight region dummies, and a dummy variable for sex. Values were the predicted outcomes for a standardized person
(a White female from the urban Northeast); the age of the child was 8 years, and the age of the adult was 35 years. The
statistical tests were based on the coefficients of the regression. The only statistically significant difference between adults
and children was for richer families in dietary quality.
aPoor families have a poverty–income ratio less than 1.5.
bRicher families have a poverty–income ratio greater than 3.
cDietary quality was measured via the Health Eating Index (on a scale ranging from 0 to 100); see the text for an explanation.
*P < .05; **P < .01.

ing, given that homes there are less likely to
have insulation (US Department of Energy
recommendations on amount and type of in-
sulation are available at http://www.eren.doe.
gov/consumerinfo/energy_savers/insulation.
html). We conclude that “heat or eat” choices
for the poor are not observable in the South
but are observable elsewhere.

Table 1 reports predicted changes in nutri-
tional outcomes between summer and winter
on the basis of our analysis of NHANES III.
Because the unit of analysis in NHANES III
was the individual, we estimated separate
models for children, for adults, and for adults
with children. As before, we compared out-
comes occurring in poor families with those
occurring in richer families.

Poor nutrition was more prevalent among
poor families than among richer families.

Adults with children and children in poor
families exhibited lower levels of dietary
quality, higher levels of serum vitamin defi-
ciencies, and lower calorie intakes (in winter
only) than did their counterparts in richer
families.

The winter resource shift induced statisti-
cally significant reductions in caloric intake
among both children and adults in poor fami-
lies. Adults consumed 147 fewer calories dur-
ing the winter than during the summer (a
7.9% decline), adults with children consumed
241 fewer calories (an 11.6% decline), and
poor children consumed 197 fewer calories (a
10.9% decline). Increases in prevalence rates
of vitamin deficiencies and anemia were ob-
served during the winter for children and for
adults with children, but these increases were
not statistically significant.

Children in richer families had worse diets
during the winter than during the summer
but showed no differences in serum mea-
sures. Richer adults (but not richer adults
with children) were more likely to have low
serum levels of vitamins A, C, and E in the
winter but exhibited no changes in dietary
quality. Richer adults and children consumed
higher-quality diets and were less likely to
have serum vitamin deficiencies than their
poor counterparts. There were no other statis-
tically significant differences in nutritional
outcomes between summer and winter
among richer families. Unlike poor families,
richer families exhibited no changes in caloric
intake. The differences found for richer fami-
lies do not suggest a “heat or eat” phenome-
non, because these families increased their
expenditures on food in the winter.

When we used summer–winter differ-
ences among richer families as a control cate-
gory for poor families, statistical tests demon-
strated that only winter caloric-intake
declines were significantly different between
members of poor and richer families (P< .05
for adults, P< .05 for adults with children,
and P< .01 for children). Richer and poor
families did not differ significantly on any
other summer–winter outcomes, including
dietary quality changes among children and
vitamin deficiencies among adults.

To test the sensitivity of our NHANES III
results to smaller changes in temperature, we
also conducted analyses comparing outcomes
in the spring and fall separately against winter
outcomes. Poor adults consumed 118 fewer
calories in the winter than in the spring and
97 fewer calories in the winter than in the
fall. Poor children consumed 145 fewer calo-
ries in the winter than in the spring. Among
richer families, adults consumed 236 fewer
calories in the winter than in the fall, whereas
children’s diets were 2.0 and 2.4 Health Eat-
ing Index points worse in the winter than in
the fall and spring, respectively. There were
no other statistically significant outcomes.
This pattern of results is qualitatively similar
to the summer–winter results reported in
Table 1.

Finally, we estimated the outcomes de-
scribed in Table 1 separately for each census
statistical region included in NHANES III.
We found no statistically significant differ-



July 2003, Vol 93, No. 7 | American Journal of Public Health Bhattacharya et al. | Peer Reviewed | Research and Practice | 1153

 RESEARCH AND PRACTICE 

ences in NHANES III outcomes in terms of
the effect of winter among these regions.
Contrary to our findings in the CEX analysis,
the South was not shown to differ in a statis-
tically significant way from other regions.
However, this result should be interpreted
with caution, in that NHANES III sample
sizes were too small to definitively answer
questions about summer–winter differences
between richer and poor families separately
for each region.

DISCUSSION

We investigated how well poor American
families protect themselves against nutritional
risks due to budget shocks resulting from cold
weather. We found that poor families reduced
their expenditures on food in response to un-
usually cold weather, whereas richer families
did not. Among poor families, we estimated
that a monthly temperature that was 10°F
colder than normal would result in a reduc-
tion in expenditures on food in the home of
$11 per month and an increase in fuel expen-
ditures of $37 per month. In poor house-
holds, adults and children alike reduced their
caloric intake by 10% during the winter
months, whereas members of richer families
did not reduce their caloric intake during the
winter.

It is striking that these nutritional out-
comes corresponded so closely with expendi-
ture outcomes. The close correspondence be-
tween the CEX and NHANES III results for
poor and richer families lends support to our
findings.

Our results suggest that poor American
families face stark choices in cold weather. In
particular, they increase their home fuel ex-
penditures at the cost of expenditures on food
and nutritional well-being. Our evidence also
suggests that poor parents are only imper-
fectly able to protect their children from cold-
weather resource shocks. Both children and
adults reduce their caloric intake during win-
ter months.

Given the importance of food to well-being,
it seems likely that families, if they have ac-
cess to short-term credit or to savings, borrow
or dip into savings to pay for high winter fuel
needs rather than reduce their food expendi-
tures. Our results indicate that poor families

probably do not have access to such re-
sources. Indeed, nearly 25% of American
families with incomes below $25600 (ap-
proximately 1.5 times the federal poverty line
for a family of 4 in 2000) have neither sav-
ings nor checking accounts.15

There are at least 2 alternative explana-
tions for our findings. The first is enrollment
by poor children in school meal programs
during the school year. This explanation can-
not account for the decrease in caloric in-
take during the winter among children, nor
can it explain the decrease in expenditures
during “unseasonably” cold months. To in-
vestigate this explanation further, we con-
ducted an additional analysis with the CEX
data, restricting the sample to families with
below-school-aged children only. In this sub-
sample, we found similar declines in food ex-
penditures and increases in home fuel ex-
penditures during cold months (poor families
increased their fuel expenditure by $10.40
and reduced their food expenditure by
$6.60 in response to an unusually cold
month; richer families increased their fuel
expenditure by $15.60 but did not reduce
their food expenditure). Because below-
school-aged children are presumably not
enrolled in school lunch programs, these
programs cannot explain the observed ex-
penditure patterns.

A second alternative explanation for our
results is that nutritious food, such as fresh
fruits and vegetables, is cheaper and more
readily available in the summer. Such an ex-
planation might account for declining di-
etary quality in winter months, especially
among poor families that cannot afford the
expense of high-quality winter diets. How-
ever, this explanation is inconsistent with a
decline in food expenditures in cold months.
A basic economic principle is that expendi-
tures on a product increase with price only
as long as demand is relatively unresponsive
to price.16 Researchers consistently find that
demand for food is relatively unresponsive
to price (for a recent US estimate, see van
Driel et al.17). Thus, if the price of high-
quality food rises in the winter, expendi-
tures should also increase. As a conse-
quence, our finding that food expenditures
decrease in the winter is inconsistent with
this alternative explanation.

Our results should be considered in the
context of another public health problem: in-
creasing obesity, especially among the poor
(see Popkin and Doak18 and Flegal19 for re-
views of national and international trends in
obesity; see James et al.20 and Olson21 for dis-
cussions of the relationships among poverty,
nutrition, and obesity). In this context, it is un-
clear whether declines in calorie intakes
should be seen as an unmitigated disaster, es-
pecially in that these declines are not accom-
panied by changes in dietary quality, serum
vitamin deficiency, or anemia rates. However,
even if calorie intake declines might be
viewed favorably, seasonal cycles in calorie
intake, which is what our results imply, may
not have the same positive or even desirable
health consequences as might caloric restric-
tions among the obese.

Finally, many social programs are meant
to help poor families endure detrimental
economic events, including the Food Stamp
program, school meal programs, and long-
term repayment plans offered by utility com-
panies. Our results suggest that existing so-
cial programs are insufficient to buffer poor
families from cold-weather shocks to their
budgets.
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